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CHAPTER 1
INTRODUCTION

Alfalfa, Medicago sativa L., is produced on ca. 200,000

ha in Oklahoma and generates over $100 million annually from
the sales of hay and seed (Sholar et al. 1982). Because
alfalfa buyers are willing to pay more for high quality
forage, the incentive is becoming greater to produce the best
possible forage for in the market place (Cuperus et al. 1984,
Ward et al. 1984). The first crop which is harvested in
early May, typically has the greatest yield and high quality.
Howvever, infestations of alfalfa weevil, Hypera postica
(Gyllenhal), larvae occur throughout the growth of this crop
and frequently economic threshold levels of 1.5-2.0 larvae
per stem are exceeded (Berberet & Pinkston 1978). Sihce the
first detection of the alfalfa weevil in Oklahoma (Curry
1968) it has become the most important insect pest of alfalfa
throughout the state.

Adult weevils re-enter alfalfa fields following summer
estivation during October and November in Oklahoma in search
of overwintering habitat and ovipositional locations in fall
growth. Higher weevil larval populations occur in fields
with abundant fall growth than those with little plant

material (Dowdy et al. 1986). This growth can be grazed



during winter with resulting lower alfalfa weevil egg and
larval populations (Senst & Berberet 1980). Winter grazing
has been incorporated as an important aspect of integrated
control for the weevil.

Another factor that influences alfalfa hay yield and
quality is competition by annual winter weeds. These species
germinate during late fall and winter when alfalfa is not
actively growing. They compete for soil moisture, nutrients,
and light with resulting reductions in growth and stem
densities of alfalfa. 1In addition, the forage produced is
lover in crude protein due to the low protein weed component
(Temme et al. 1979).

Little has been done to document the interaction between
the alfalfa weevil and annual winter weeds in alfalfa fields
or to determine the combined effects on forage production and
quality. The objectives of my research are:

1. To document the effects of late fall harvest and
wvinter grazing in combination with alfalfa weevil and weed
management on alfalfa forage yield, quality, and stand
longevity.

2, To determine the influence of late fall harvesting
and wvinter grazing in combination with weed control using
herbicides on egg deposition and seasonal occurrence of peak
larval populations of the alfalfa weevil.

3. To document the effects of alfalfa stem density and
weed content in forage on the dynamics of alfalfa weevil

populations.



4. To determine the effects of alfalfa weevil
infestations and late fall harvest and winter grazing on
total nonstructural carbohydrates in roots of alfalfa.

5. To consider if the cost of alfalfa weevil and weed
c?ntrols with pesticlides was justified by savings in alfalfa

production iIn three alfalfa cultivars harvested in fall or

grazed in winter.



CHAPTER 11

LITERATURE REVIEW

Alfalfa Weevil Management

In Oklahoma, the glfalfa wveevlil, Hypera postica
(Gyllenhal), re-enters alfalfa fields during October and
November from summer estivation sites in fence rows and
wvooded areas and soon begins egg deposition (Berberet et al.
1980). The initial dispersal of adults is slowv as weevils
apparently crawl into field edges and feed for several days
before flying to other locations and becoming distributed
across flelds (Blickenstaff 1967, Pausch et al. 1980).

Oviposition typically coﬁtinues throughout the winter in
Oklahoma, except for intermittent periods when temperatures
drop below the ovipositional threshold of 1.6°C (Berberet et
al. 1980). When sampled in January, eggs have a higher
viability than those collected in late February or March due
to the accumulation of inviable eggs through the
ovipositional period (Townsend and Yendol 1968). Egg
viability is greatest in portions of stems within 15 cm of
the soil surface according to Dively (1970), who found that
the highest percentage viability in spring was recorded in
alfalfa stubble (75%). Percentages of viable eggs were lowver

in new growth (39%) and alfalfa that had reached bud stage in

3



fall (13%). Shorter growth provided ovipositional locations
near the soil surface only, which reduced exposure of the
eggs to lethal low temperatures. Armbrust et al. (1969)
reported that the lethal low temperature for weevil eggs was
-21.9 and -23.8°C for eggs which are 5 and 10 days old,
respectively.

Though lower viability was evident for eggs in taller
stems, this environment is preferred by the weevil for
oviposition because of the greater stem dlameters which hold
larger egg masses (VanDenburgh et al. 1966, Norwood et al.
1967a). Plants with small stems, little growth and wide
crowns usually have few eggs (Norwood et al. 1967b). Removal
of plant material containing eggs has been successful for
reducing populations. Winter grazing of frost killed alfalfa
stems by cattle reduced egg populations over 60% and also
resulted in significantly lower larval populations (Senst &
Berberet 1980). Spring pasturing by sheep in Idaho has also
been effective to delay plant growth until most weevil eggs
have hatched (wakeland 1921). However, spring grazing may
also reduce stand vigor by depleting root carbohydrate
reserves as growth is initiated in spring.

Limiting ovipositional sites for the weevil in fall also
results in less larval feeding damage in spring. Burbutis et
al. (1967) documented in Delaware that the greatest feeding
damage before first harvest occurred in plantings which
contained a large number of fall laid eggs as compared to

plantings with mostly spring laid eggs. 1I1If larval



populations develop primarily from spring-laid eggs then
alfalfa plants may grow with little weevil feeding damage in
early vegetative stages. Larger plants are able to withstand
greater larval populations (Hintz et al. 1976).

Larval densities of 1.5-2.0 per stem In alfalfa less
than 25 cm tall can cause losses justifying chemical control
costs of $20-25/ha (ﬁerberet & Pinkston 1978). Yleld
reductions of 188 kg/ha accrue in the first crop with the
addition of each larva per stem when alfalfa is infested at
less than 25 cm (Berberet et al. 1981) and later crops may
also yield less due to reduced plant growth and stem
densities (Wilson et al. 1979). Protein content is greatly
reduced in alfalfa leaves while that of stems is relatively
unaffected by larval feeding (Liu & Fick 1975). Composite
protein content of plants may not signlficantly decrease due
to larval feeding (Berberet & McNew 1986) because plant
growth is stunted and shorter stems that remain are typically
high in protein and compensate for loss of the high protein
leaf component. However, total production of protein per ha
is reduced due to lover forage productlon (Kapusta et al.
1983).

By utilizing fall management practices such as grazing
or late fall harvesting, it is possible to reduce oviposition
during fall and winter and achieve the benefits of less
larval feeding damage in spring. Planting improved alfalfa
cultivars such as 'Arc' (Devine et al. 1975) that can

vithstand moderate larval feeding may further reduce the cost



of producing high quality forage.

Weed Management

Another problem in maintaining vigorous alfalfa stands
is competition for soil nutrients, moisture, and light by
wveeds. Annual weeds have lower forage quality than alfalfa
which necessitates their control to maintain high quality
production (Temme et al. 1979). Downy brome, Bromus tectorum
L., contains less calclium, nitrogen, and potassium than
alfalfa and only a third of the protein (Morrison 1956).

By controlling competing plant species during establishment,
seedling alfalfa plants are better able to develop adequate,
healthy root systems and form large crowns (Schreiber 1960).
In a complimentary manner, establishment of a vigorous stand
is an important factor in preventing weed encroachment
throughout the life of a planting by limiting opportunities
for weeds to invade. Annual weed species which infest
alfalfa in Oklahoma during winter are henbit, Lamium
amplexjicaule L., mustards, Brasslica spp., and cheat, Bromus
secalinus L. These speclies germinate when alfalfa is dormant
and available light at the soil surface and moisture are
greatest (Stritzke 1985).

Not only do some weeds reduce the feed value of the
forage, but they also limit animal intake (Dutt et al. 1982).
Mature downy brome is less palatable than alfalfa and
possesses awns that may injure livestock when fed as dry

roughage (Platt & Jackman 1946). Cultural practices for



controlling downy brome have met with limited success as
cultivation to remove this pest also injures alfalfa plants
(Bruns & Heinmann 1959).

While cultivation (renovation) appears to be a
questionable method for reducing weed populations in
established alfalfa, timely cutting or grazing of fields has
beenleffectlve in controlling field bindweed, Convolvulus
arvensis L.; Canada thistle, Clrsium avese L.; and perennial
sowthistle, Sonchus arvensis L. (Stahler & Derscheld 1948).
These methods do not allow the weeds to reproduce and thus
minimize their spread. Winter grazing may also be effective
in minimizing infestations of annual winter grasses by
reducing growth until alfalfa begins growth and becomes more
competitive in late winter.

Chemical control of weeds is frequently used in alfalfa
production. Winter annual weeds may make substantial growth
when alfalfa is dormant in winter. During this time,
herbicides can be used with the least 1likelihood of toxicity
to alfalfa plants (Aldrich 1957). The most successful
control of these weeds in Oklahoma is obtained from December
to February when alfalfa is nearly dormant (Stritzke 1985).
When properly applied, herbicides can reduce weed competition
and maintain good alfalfa forage yield and quality (Peters
1964, Wilson 1981). Some weed infestations can be tolerated
if weed populations are not causing losses exceeding control
costs because adequate nutrients and water are present to

support both alfalfa and weed growth (Kapusta 1983).



Insect-Weed Interaction

As a perennial, alfalfa offers a more stable environment
than most other agricultural crops. Over a perlod of years,
greater insect and plant diversity may develop than is
typical of annual crops. The greater insect species
diversity has been found to be dependent upon the presence of
grasses and broadleaf weeds in established stands (Barney et
al. 1984). Populations of the potato leafhopper, Empoasca

fabae (Harris), are often significantly greater in plots

containing broadleaf weeds than in plantings with grassy
wveeds (Lamp et al. 1984). Either a greater predator
abundance occurs in grassy plots thanlin broadleaf weed
infested plots or grassy weeds present a less desirable
habitat for leafhoppers.

Some winter annual weeds serve as ovipositional sites
for the alfalfa weevil (Ben Saad & Bishop 1969). Those
present in Oklahoma include henbit and shepherdspurse,
Capsella bursa-pastoris (L.) Medic. When henbit accounted
for 50% or more ground cover, larval feeding damage was up to
75% greater than in fields with few or no weeds (Waldrep
1969), presumably due to greater egg densities in weeds.

Norris et al. (1984) recorded an increase in populations
of the Egyptian alfalfa weevil, Hypera brunneipennls
(Boheman), by 20 to 50% when winter annual weeds were
controlled. Even though higher larval populations develop in

the absence of weeds, reductions iIn forage yleld were
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greatest from combined weed and alfalfa veevil infestations.
In Illinois, Kapusta et al. (1983) also documented greater
yield losses when neither insects nor weeds were managed with
pesticides than when at least one pest type was controlled.
The herbicides applied in the Illinois study probably caused
injury to alfalfa plants resulting in reduced yields. When
herbicides are applied to dormant alfalfa, injury can be
minimized to alfalfa plants and successful weed management
accomplished.

Because of interactions between the alfalfa weevil and
annual winter weeds, an alfalfa management program should
consider interrelationships of these pest problems.
Regulation of weed and weevil populations can increase the
gquality and ylield components of alfalfa. Greatest alfalfa
production also occurs in plots which both weevils and weeds
are controlled. The value of these controls will be

dependent upon the density of both weeds and weevils.
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Chapter III

LATE FALL HARVEST AND WINTER GRAZING

EFFECTS ON ALFALFA

Harvesting alfalfa, Medicago sativa L., in late £fall or
grazing in winter have been shown to be excellent methods of
utilizing fall growth without apparent reductions of future
productivity or stand retention (Hanley et al. 1964, Sholar
et al. 1983). An additional benefit of removing the fall
growth is reduction of overwintering habitat and
ovipositional sites for adult alfalfa weevils, Hypera postica
(Gyllenhal), which tend to favor areas with abundant plant
growth (Dively 1970, Dowdy et al. 1986). Along with reduced
oviposition comes the potential for delaying the occurrence
of peak larval populations. Reducing numbers or delaying the
occurrence of peak larval populations may result in
maintaining good alfalfa yields and limiting control costs
(Berberet et al. 1981).

Not only are insect populations influenced by harvest
management, but encroachment by certain weed species may also
be affected. 1In England, spring grazing of alfalfa with
sheep resulted in encroachment of annual broadleaf and
perennial grass weeds but a reduction in annual grasses

(Gibson et al. 1987b). 1In Oklahoma, winter weeds such as

15
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cheat, Bromus secalinus L., have a period of minimal
competition from alfalfa due to thelr active growth while
alfalfa is dormant. By opening the crop canopy through the
removal of fall growth more light contacts leaves of seedling
veeds and may enhance establishment and competitiveness when
alfalfa dormancy is broken in late winter.

Stress on alfalfa plants from insect feeding damage
and/or weed encroachment results in reduced forage yield and
stand retention and may further be compounded with the
addition of late fall harvesting or early winter grazing.
Perennial grass populations increased more rapidly in alfalfa
grazed by sheep when insect controls were not utilized than
when they were utilized (Gibson et al. 1987a). 1In alfalfa
left unharvested through winter, Berberet et al. (1987)
documented the greatest alfalfa yleld reductlions where
nelther weevils nor weeds were controlled. Relatlive to pest-
free stands the decrease in production from combined alfalfa
veevil-weed infestation was greater than the sum of losses
caused by each pest type individually. Norris et al. (1984)
recorded 1.2-1.5 times more larvae of the Egyptian alfalfa
weevil, H. brunneipennis Bohman, where weeds were controlled
but greater loss in alfalfa yield again resulted from
combined weed and insect pest stress.

The presence of weeds reduces the overall forage protein
and digestibility (Cords 1973, Temme et al. 1979). Alfalfa
weevil larval feeding reduces crude protein by removing the

leaf component of alfalfa (Berberet & McNew 1986). The
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objectives of this chapter were to document the effects of
late fall harvest and winter grazing in combination with
alfalfa weevil and weed management on alfalfa forage yield,

guality, and stand longevity.
Materials & Methods

This study was conducted at the South Central Research
Station at Chickasha, Oklahoma on an irrigated alfalfa stand
established in the fall of 1981. The experimental design was
a split plot in strips configuration with four replications
of the alfalfa cultivars 'Arc' (Devine et al. 1975), '0OKO08'
(Oklahoma common), and 'WL318' (Beard & Kawaguchi 1978) on
main plots. Subplots positioned in strips across the main
plots were harvest management options consisting of late fall
harvest (November) or winter grazing (December and early
January) at a stocking rate of 12-15 cattle/ha for a 2-3 wk
period. The third subplot was left uncut and ungrazed to
determine the potential for egg and larval populations where
fall growth remained. The final harvest of the season on
these plots was taken in mid-September after which plants
produced ca. 20-25 cm of fall growth.

Carbofuran insecticide and the herbicides, terbacil and
oryzalin were applied annually in a 2 x 2 factorial design on
sub-subplots within each cultivar by harvest management
combination. The resulting treatment combinations included
1) insecticide only to control weevils and allow weed

infestation, 2) the herbicides only to control weeds and
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allow alfalfa weevil infestation, 3) both insecticlide and
herbicides to create a "pest-free" treatment, and 4)
unsprayed plots to allow infestation of both weevils and
weeds. Naturally occurring insect and weed populations were
utilized until the summer of 1985 when cheat was seeded (@ 15
kg/ha) to increase the potential for weed competition during
winter and spring of 1986 and 1987. Harvest and pesticide
treatments were first imposed in the fall of 1982 and spring
of 1983, respectively.

Alfalfa weevil larval populations were sampled (25
stems/sub-subplot) at 3 or 4 weekly intervals to determine
peak densities. The sampling period was adjusted based on
the evidence of feeding damage and accumulation of degree
days for weevil development. Larvae were separated from
plant material for counting with Berlese funnels.

Weed content (%) in forage was determined throughout the
study with visual estimates at each harvest in each sub-
subplot. These estimates were used to calculate the weight
of weeds and alfalfa produced/ha. Weed and alfalfa
components were separated and welghed from 0.5 m® guadrats to
assure accuracy of visual estimates several times throughout
the study.

Four or five harvests were made with a flail type
harvester each summer at 10-30% bloom stage with yields
estimated from a 1 x 5 m area in each sub-subplot.

Subsamples (300-400 g) of forage were taken for dry matter

determination and crude protein analysis. The amounts of
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forage contributed by the late fall harvesting and winter
grazing were calculated from 0.5 m? gquadrat samples collected
at the time of the late harvest. Crude protein content was
determined by the macro-Kjeldahl method at the Oklahoma State
University Forage Quality Laboratory.

Stem densities were determinred by counting alfalfa stems
in five, 0.1 m2 quadrats in each sub-subplot prior to
harvesting to document the effects of the various management
regimes on stand retention. At the termination of the study
in September 1987, alfalfa plants were undercut from a 1 x 5
m strip in each sub-subplot and the number of plants were
recorded.

All data were subjected to the analysis of variance
procedure and F-tests were utilized to detect significant
interactions between treatment components (SAS 1985). Mean
separations were accomplished with least significant
difference tests at the 0.05 level of probability (Steel &
Torrie 1980). All data are presented by subplot or sub-
subplot to facilitate communication of the effects of
treatment levels over years. Therefore, calculated F values
obtalned through analyses of the data in a split-plot in
strips configuration are not necessarily descriptive of the
means presented for main plots and subplots. All F values
and associated degrees of freedom are presented in Appendix

B'



20

Results

983 (S on

Rather than a presentation of detailed analysis of each
harvest throughout the study, I have selected harvests of
each year that show how treatment combinations affected
forage production. Additional harvest data are located in
Appendix A. Seasonal forage totals are presented at the end
of each sectlion and overall forage totals for the entlire
study are presented after all seasonal results.

In 1983, peak alfalfa weevll larval populations occurred
in early May and were significantly reduced by insecticide
with means of less than 0.1 larvae per stem compared to 3.1
per stem in sub-subplots not sprayed wlth insecticide.
Larval feeding damage ratings (scale of 1= no damage and 9=
complete defolliation) averaged 1.7 and 4.0 in sub-subplots
treated and not treated with insecticide, respectively.
First harvest was made soon after peak larval density wvas
reached (12 May). The percentage of weeds in the forage at
first harvest averaged 0.0-8.8% with most weedy material in
unsprayed sub-subplots. Cultivars were similar in total
forage and alfalfa yields. Harvesting in late fall or
grazing in winter did not reduce first harvest total forage
or alfalfa yields relative to alfalfa left unharvested
through the winter. Applications of insecticide generally
resulted in a significantly greater alfalfa yield at first

harvest than when weevils were not controlled below the
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economic threshold of 1.5-2.0 larvae per stem. Treatment
with herbicides tended to result in lower total forage yield
than the sub-subplots not treated with herbicides. This was
not only due to removal of the weed component but also some
injury to alfalfa plants may have occurred as alfalfa yields
tended to be lower (Table I).

Crude protein content of forage at first harvest
averaged 17.5% and was similar amdng cultivars and harvest
management treatments (Table I). Neither alfalfa weevil nor
veed infestations consistently reduced protein content.
Since peak weevil larval populations did not occur until just
prior to the first cutting, there was limited time for
defoliation and subsequent reduction in forage quality.
Additionally, weed infestations were low in all treatment
combinations and detracted little from overall forage
quality.

A total of four harvests were made through the summer of
1983 and treatment combinations exhibited minihal influence
on total forage or alfalfa ylelds.  The fall harvest
treatment was imposed 16 November in 1983 and yielded 1.1
Mg/ha of alfalfa with only slight weed content. Forage
available for grazing in winter also averaged 1.1 Mg/ha when
sampled at the same time. These values were included in the
seasonal totals in Table II. The subplots that were left
unharvested through winter were last cut 16 September and
fall growth remained.

Seasonal total forage production from four harvests was
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similar for all cultivars. The additional forage from the
fall cutting and winter grazing increased annual production
to levels greater than those of the unharvested sub-subplots
not treated with insecticide (Table 1II). Insecticide treated
sub-subplots had larger yields at first harvest and some
residual benefits from reduced larval feeding damage on
subsequent harvests. However, control of alfalfa weevil
larvae consistently increased Seasonal total forage or
alfalfa ylelds only in subplots left unharvested or in the
herbicide treated subplots that had been grazed. Application
of herbicides had little effect on seasonal total forage
yield but d4id significantly decrease the average percentage
of weeds from 1.4% to 0.1% in the forage throuéhout the

season (Table 11).

1984 (Season_2)

Peak alfalfa weevil larval populations occurred about
the second week of April and averaged 0.2 and 1.0 larvae per
stem in insecticide treated and untreated sub-subplots,
respectively. The daily low temperatures in December of 1983
vere below -13°C for more than a week resulting in a low
percentage of viable weevil eggs and peak larval numbers
below the economic threshold of 1.5-2.0 larvae per stem.
Lower peak larval populations resulted in less feeding damage
and average ratings ranged 2.3-3.0 on the scale from 1 to 9.

No cultivar consistently produced significantly greater

total forage and alfalfa yields relative to other cultivars
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(Table III). Harvest management treatments were not
significantly different in total forage or alfalfa yields.
Little stress occurred from feeding by weevil larvae and

no significant differences occurred in yields among sub-
subplots treated with insecticide and those that were not
(Table III). Similarly, no consistent benefit in herbicide
usage was documented because weed content was low in all
treatments and averaged less than 5% of the first harvest
forage.

The percent crude protein content was similar among
cultivars and harvest management treatments (Table III).
Control of weevil larvae did not consistently influence
protein content. However, sub-subplots treated with
herbicides did typically have significantly higher crude
protein than those that were not (Table III).

A total of four harvests were made through the summer of
1984 with the last occurring 6 September. Harvesting of fall
growth was done 16 November and yielded an average of 0.6
Mg/ha in both the fall harvested and winter grazed
treatments. Total forage and alfalfa yields were similar
among cultivars and harvest management treatments (Table 1IV).
Control of alfalfa weevil larvae did not consistently
increase annual forage ylield because of low larval
populations. The seasonal average percentage of weeds wvas
less than 4% and contributed little to seasonal forage

production (Table 1V).
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1985 (Season_3)

On 3 April 1985, the entire research area was
accidentally oversprayed with methyl parathion by an aerial
applicator prior to collection of the first larval samples.
Applications of carbofuran insecticide had been made
previously to appropriate sub-subplots to eliminate larval
populations. Substantial differences in the extent of
defoliation of sub-subplots which had not been sprayed with
carbofuran and those sprayed were evident. On the damage
rating scale, the unsprayed plots were rated at 4 to 5 while
those that had been intentionally sprayed wvere rated 2.
Larval populations monitored in a nearby insecticide
evaluation 8 days prior to the overtreatment indicated that
third and fourth instar larval populations were quickly
approaching the economic threshold of 1.5-2.0 larvae per
stem. Undoubtedly, yleld reductions in untreated sub-
subplots would have been greater had larvae completed
development (Table V).

The weed component had become more evident especially in
OK08 where sub-subplots not treated with herbicides averaged
ca. 19% weeds in forage of the first crop. The sub-subplots
of OK08 treated with herbicides as well as all sub-subplots
of WL318 and Arc averaged less than 10% weed content.
Alfalfa yields in OK08 were generally lower than the other
cultivars particularly in the sub-subplots not treated with
insecticide (Table V). Alfalfa yields of Arc may have been

greater due to some tolerance to alfalfa weevil feeding.
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Neither harvesting in late fall nor winter grazing resulted
in total forage or alfalfa yields significantly different
from the unharvested subplots. Larval feeding damage in the
first crop or perhaps some residual effects of past years'
damage was sufficient for some yield differences. This
result occurred consistently in OK08 which has no tolerance
for weevil feeding. Crude protein content of the first
cutting in 1985 averaged 16.8% with little difference among
cultivar, harvest, or pesticide treatments.

The percentage of weed content of forage from the
remaining four harvests in 1985 averaged less than 5% in
WL318 and Arc. 1In OKO08, all but the fall harvested sub-
subplots not treated with herbicides averaged ca. 8% weed
content while in those particular sub-subplots the weed
content was more than 20%.

Unharvested subplots were last cut 13 September and fall
harvesting on 8 November yielded ca. 0.8 Mg/ha of forage.
Comparable amounts of forage were consumed by winter grazing.
Seasonal total forage yield was generally not different among
cultivars (Table VI). However, seasonal alfalfa yield wvas
typically lower in OK08 than the other cultivars due to
higher weed content. Neither harvesting in fall nor winter
grazing reduced seasonal total forage or alfalfa ylelds
relative to the unharvested treatment. 1In 0OK08, however,
fall harvested sub-subplots not treated with herbicides
yielded significantly less alfalfa than the winter grazed

treatment (Table VI).
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Even though the alfalfa weevil was accidentally
controlled in all plots in spring, significantly larger
alfalfa yields resulted in many instances where weevil larvae
had been controlled in previous years (Table VI). Control of
weeds with herbicides did not consistently increase seasonal
total forage yield but seasonal alfalfa yield was generally
higher than in those sub-subplots where herbicides had not
been applied (Table VI). Relative to the herbicides plus
insecticlide combination, alfalfa yield loss due to combined
alfalfa weevil and weed infestations in unsprayed sub-
subplots was comparable to the sum of losses caused by each

pest type individually.

1986 _(Season 4)

The occurrence of peak alfalfa weevil larval populations
was about 11 March 1986 in subplots that had been harvested
in fall or left unharvested through winter and about 10 days
later in subplots that were grazed during winter. Carbofuran
application was successful in maintalning peak populations in
sprayed sub-subplots below 1.5 larvae per stem. Peak larval
densities averaged 5.7 and 6.3 per stem in fall harvested and
unharvested subplots, respectively, while those in winter
grazed sub-subplots averaged only 4.4 per stem. Little
larval feeding damage was evident in the sub-subplots treated
with insecticide but untreated sub-subplots had ratings of
ca. 4.1 in the winter grazed subplots and 4.5-4.7 in the

other harvest management treatments.
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Total forage yield at first harvest was similar among
cultivars. However, alfalfa yield was substantially lower in
all treatment combinations with OK08 than WL318 and Arc. The
percentage of weeds in the forage of OK08 averaged 83.5% in
unsprayed sub-subplots and 47.6% in the insecticide only
tfeatment (Table VII). Total forage yield, alfalfa yield,
and the percentage of weeds in the forage were typically not
significantly different among harvest management treatments.
Grazing in winter did not reduce forage production at first
harvest relative to alfalfa left unharvested through winter
(Table VII).

Control of weevil larval popﬁlations resulted in
significantly higher total forage yield in all cultivar by
harvest management combinations (Table VII). Alfalfa yield
was also significantly increased when larvae were
controlled. The percentage of weeds in the forage was
significantly lower when weevil populations were suppressed
allowing alfalfa plants to compete more effectively with
weeds. Herbicide applications did not consistently increase
total forage yield but alfalfa yield was siénificantly
larger when weeds were controlled (Table VII). Relative to
sub-subplots where both pest types were controlled, combined
alfalfa weevil and weed infestations in unsprayed sub-
subplots resulted in losses comparable to the sum of losses
caused by each pest type individually.

Crude protein content of the forage at first harvest

averaged ca. 17.5% and was not consistently lower in OKO08
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even though the percentage of weeds was higher than in other
cultivars. Harvest management treatments were not
significantly different in percentage crude protein.

Control of alfalfa weevils did not generally increase
protein levels but controlling weeds did.

Total forage and alfalfa yields of the third cutting
made 10 July contlinued to be typlically significantly lower in
OK08 than the other cultivars (Table VIII). Harvest
management treatments were relatively consistent with respect
to total forage and alfalfa ylelds and the percentage of
weeds in the resulting forage. Control of alfalfa weevil
larval populations each spring resulted in significantly
greater total forage and alfalfa yields than where
insecticide was not applied (Table VIII). sSimilarly,
consistent management of weeds resulted in significantly
greater alfalfa yleld than in unsprayed sub-subplots.
Unsprayed sub-subplots with a high weed component and
residual effects of alfalfa weevil feeding damage yielded 0.9
Mg/ha less alfalfa than plots treated with herbicides plus
insecticide.

The percent crude protein of the third alfalfa crop of
1986 showed little difference among cultivars (Table IX).
Though statistical differences existed in percent crude
protein among harvest management treatments and insecticide
levels, no consistent trend was evident. Control of weeds
did result in significantly higher protein than in the forage

from plots not treated with herbicides.
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A total of five harvests were made in 1986. Fall
cutting on 8 November yielded 0.9 and 0.5 Mg/ha total forage
and alfalfa forage, respectively. Seasonal total forage and
alfalfa yields of OK08 were generally significantly lower
than other cultivars (Table X). Seasonal alfalfa yield from
unsprayed sub-subplots was less than the alfalfa production
from the first cutting only in 1983. The weed competition
was also significantly higher in OK08 as had been the case at
each harvest. Seasonal total forage yield was not reduced by
fall harvesting or winter grazing relative to alfalfa left
unharvested through winter. However, seasonal alfalfa yield
tended to be significantly less in fall harvested subplots
than those grazed in winter (Table X). Control of alfalfa
veevil larvae in spring resulted in significantly greater
total forage and alfalfa yields than where weevils were not
controlled. Seasonal total forage yield was not consistently
changed by weed control but seasonal alfalfa yield was
significantly greater In those sub-subplots treated with
herbicides (Table X). Combined alfalfa weevil and weed
infestations in unsprayed sub-subplots resulted in 6.7 Mg/ha
lower alfalfa yleld than the herbicldes plus insecticide
combination.

The average percentage of weeds in forage was
significantly decreased by control of alfalfa weevils or
veeds. The effects of the various treatment combinations
became quite evident during 1986. The value of controlling

both weeds and weevils is that this treatment combination
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generally resulted in higher alfalfa yields and lower weed
content than controlling neither pest type (ie. WL318

unharvested and winter grazed subplots).

1987 (Season_5)

The occurrence of peak alfalfa weevil larval populations
was late March in 1987. Carbofuran treated sub-subplots
attained an average peak density of 1.8 larvae per stem for a
brief period but were not damaged appreciably. Populations
of 6.5-7.2 per stem occurred in sub-subplots not treated with
insecticide. Winter grazed subplots attained average peak
larval populations of 5.0 per stem compared to 7.4 and 8.3
per stem in the fall harvested and unharvested treatments,
respectively. Feeding damage ratings in fall harvested and
unharvested sub-subplots not treated with insecticide were
3.2-3.5 and only slightly lower in subplots that had been
grazed in winter (2.8); all are generally lower than in
previous years.

Virtually no alfalfa was left in sub-subplots of OKO08
not treated with insecticide and this cultivar had lower
total forage and alfalfa yields than the others (Table XI).
Lower larval densities resulted in less weevil feeding damage
in winter grazed subplots and in several instances,
significantly greater total forage and alfalfa yields than in
the unharvested or fall harvested treatments, particularly
where carbofuran was not applied (Table XI). Control of

alfalfa weevil larval populations resulted in significantly
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greater total forage and alfalfa yields than those sub-
subplots where the weevil was not controlled (Table XI).
Similarly, control of weeds resulted in a significantly
higher alfalfa yield than in sub-subplots where weeds wvere
not managed. Control of both weeds and alfalfa weevils
resulted in 2.8 Mg/ha more alfalfa forage than unsprayed
plots with combined pest stress (Table XI).

Alfalfa yield of OKO8 at third harvest was again
significantly lower than the other cultivars (Table XII).
Total forage yield, alfalfa yield, and the percentage of
weeds were not generally significantly different among
harvest management treatments (Table XII). Control of weevil
larvae continued to typically result in significantly greater
total forage and alfalfa yields than sub-subplots not treated
with insectlicide. Similarly, alfalfa yield was significantly
greater in sub-subplots treated with herbicides than in those
that were not (Table XII). The percentage of weeds in the
forage was also significantly lower when either insecticide
or herbicides were utilized.

A total of four harvests were made in 1987 before the
study was terminated on 26 August. The means presented in
Table XIII are seasonal totals for four harvests only. The
cultivar OK08 continued to produce significantly lower total
forage and alfalfa yields than the other cultivars as well as
have the greatest percentage of weeds in the resulting forage
(Table XIII). Little difference in either total forage or

alfalfa ylelds exlisted between WL318 and Arc. Harvesting in
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late fall or grazing in winter still d4id not reduce seasonal
total forage or alfalfa yields relative to alfalfa left
unharvested through winter and there was generally no
significant difference among harvest management treatments
(Table XIII). The average percentage of weeds in the forage
of 1987 was typlically not significantly different among
harvest management treatments. Seasonal alfalfa yield was
significantly increased by control of larval populations with
insecticide (Table XIII). Seasonal total forage yield was
not consistently increased by treatment with herbicides but
seasonal alfalfa yield was (Table XIII). As in 1986, best
alfalfa yields resulted from the herbiclides plus insecticide
combination and poorest where both pest types were not

controlled.

1983-1987 study totals

Total forage yield from 1983 through 1987 was
significantly lower in OK08 than in the other cultivars
except in fall harvested and unharvested sub-subplots treated
with herbicides plus insecticide (Table XIV). The forage
harvested in fall or grazed in winter accounted for 3.6 and
3.2 Mg/ha of total forage and alfalfa yields, respectively.
When yield was considered without the weed component, OKO08
produced significantly less than the other cultivars over the
5 year period in all treatment combinations (Table XIV).
Neither harvesting in late fall nor grazing in winter reduced

overall total forage or alfalfa yields relative to alfalfa
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left unharvested through winter (Table XIV). Control of
alfalfa weevil larval populations resulted in consistently
higher total forage and alfalfa yields than were achieved
without this treatment, irrespective of cultivar, harvest
treatment, or use of herbicides. Overall total forage yield
was not consistently increased by treatment with herbicides
(Table XIV). However, alfalfa yield averaged significantly
less in sub-subplots not treéted with herbicides. Relative
to the pest free type environment of the herbicides plus
insecticide combination, total forage and alfalfa yields over
the 5 year period were 7.1 and 16.9 Mg/ha less in unsprayed
sub-subplots with combined alfalfa weevil and weed

stress, respectively.

Stem_density

The alfalfa stem densities prior to first harvest in
1983 ranged from 26.8 to 34.2 stems/0.1 m2 and were not
consistently different among the various treatment
combinations (Table XV). By flrst harvest of 1984, stem
densities were lower in all treatment combinations and ranged
from 21.1 to 26.5 stems/0.1 m2, By 1985, there were
significant reductions in stem densities had occurred in OKO08
compared to the other cultivars prior to first harvest in
1985 (Table XV). Subplots that had been grazed during
winter typlcally had significantly greater numbers of
stems/0.1 m*® than those that had been harvested in £fall. The

unharvested treatment was generally similar in stem density
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to the fall harvested subplots but frequently significantly
less than the winter grazed subplots. Stem density in 1985
was not consistently reduced by alfalfa weevil or weed
infestations (Table XV).

Stem density continued to decline in all treatment
combinations through 1985. Seasonal rainfall for 1985 and
1986 averaged 33.7 and 41.6 cm above the 36 year average of
77 em/yr, respectively (Appendix A, Table I). The
additional precipitation accelerated stand decline especially
in OK08 which has no reslstance to root rotting diseases.
Prior to first harvest in 1986, the number of stems/0.1 m? in
OK08 was usually significantly less than in WL318 and Arc
(Table XVI). Neither harvesting in 1a£e fall nor winter
grazing resulted in reduced stand density relative to alfalfa
left unharvested through winter. 1In fact, winter grazed
subplots occasionally had significantly more stems/0.1 m=
than the unharvested subplots (Table XVI). Lack of alfalfa
veevil control resulted in significantly fewer stems/0.1 m2
than sub-subplots treated with insecticide. Weed management
with herbicides generally resulted in significantly more
stems than in sub-subplots not treated with herbicides.
Relative to the herbicides plus insecticide combination, the
unsprayed sub-subplots infested with both weeds and alfalfa
veevils averaged 7.6 stems/0.1 m% less (Table XVI). This
clearly indicated for the first time in the study the
synergistic effects of pest combinations on stem density.

Stem densities prior to third harvests in 1986 indicated
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continued stand decline in OK08 relative to the other
cultivars (Table XVI). Stem densities were similar among
harvest management treatments at third harvest and
application of herbicides did not provide consistent help for
maintaining stem densities (Table XVI). Control of weevil
larvae resulted in significantly more stems/0.1 m2? than those
not treated with insecticide. However, combined pest stress
in the unsprayed sub-subplots resulted in 2.8-5.4 fewer
stems/0.1 m? than the herbicides plus insecticide
combination, a reduction comparable to the sum of alfalfa
stem reduction from the insecticide only and herbicides only
treatments.

The number of stems/0.1 m2® prior to first harvest in
1987 was not significantly different among cultivars even
though OK08 had as few as 1.3/0.1 m? (Table XVII). Subplots
that had been grazed during winter typically had
significantly more stems/0.1 m2 than both fall harvested and
unharvested subplots. Control of weevil larvae usually
resulted in significantly more stems/0.1 m*® than sub-subplots
not sprayed with insecticide (Table XVII). Relative to
herbicides plus insecticide combination, 6.5 fewer stems/0.1
n® were present in unsprayed sub-subplots with combined
alfalfa weevil and weed infestations (Table XVII).

The number of stems/0.1 m* at third harvest (14 July
1987) was again generally significantly less in 0OK08 than in
the other cultivars (Table XVII). Stem densities were

generally not significantly different among harvest
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management treatments. Insecticide treated sub-subplots
contained significantly more stems/0.1 m2 than those not
treated with insecticide. The number of stems/0.1 m2? in sub-
subplots treated with herbicides was typically significantly
greater than the sub-subplots not sprayed with herbicides
(Table XVII). Compared to the herbiclides plus insecticide
combination, unsprayed sub-subplots contained ca. 5.8 fewer
stems/0.1 m®* at third harvest.

Alfalfa plants were undercut in September of 1987 and
root counts typically indicated significantly more alfalfa
plants/1 m2 in WL318 and Arc than in OK08 (Table XVIII).
After 5 years, neither harvesting in late fall nor grazing in
winter had reduced the numbers of alfalfa plants/1 m=
relative to subplots left unharvested through winter.

Control of weevil larvae resulted in significantly more
alfalfa plants/1 m#® than the unsprayed or herbicides only
sub-subplots. Control of weeds with herbicides usually
resulted in significantly more plants/l1 m2 than the sub-
subplots not sprayed or treated with insecticide only. 1In
the untreated sub-subplots with combined alfalfa weevil and
weed infestations, plant populations averaged ca. 23.0/1 n=
less than what were present in the herbicides plus
insecticide combination where both pest types were controlled
(Table XVIII). Root weights per plant averaged ca. 4.5 g and
were not consistently different among any treatment

combinations.
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Discussion

Weed content of forage and alfalfa stem densities were
similar among all treatment combinations during 1983 and 1984
and little difference in forage production caused by
treatment effects was evident. When significant differences
in stem density developed among cultivars in 1985 due to a
combination of treatment effects and an abundance of
precipitation that enhanced root diseases, substantial
differences in yield began to develop. 1In 1985, seasonal
forage production in OKO08 averaged 1.4 Mg/ha less than the
other cultivars. However, consistently significant
differences in seasonal yields did not develop until 1986.
The value of planting improved cultlivars such as WL318 and
Arc becéme quite evident during the last 2 years of the
study. Stem densities of OK08 averaged ca. 5-8 stems/0.1 m=
less and seasonal alfalfa yields ca. 5.0-6.0 Mg/ha less than
the other cultivars during 1986 and 1987. Additionally, the
wveed content of the forage in WL318 and Arc was 25-35% less
than that in OK08. Overall total forage and alfalfa ylelds
for 1983 through 1987 were 9.0 and 15.6 Mg/ha less in OKO08
than the other cultivars.

Final plant density determined at termination of the
study in September 1987 was ca. 22 plants/l1 m2 greater in
WL318 and Arc than OK08. The decline in plant density in
OK08 probably began to develop in 1985 and resulted in
continued reduction in alfalfa yields and increased weed

encroachment and competition with remaining alfalfa plants.
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Neither harvesting in fall nor winter grazing reduced
total forage or alfalfa yields for individual harvests or
seasonal yields throughout the study relative to alfalfa left
unharvested through winter. Hanley et al. (1964) in England
documented that grazing cattle on alfalfa after fall growth
had been killed by frost but before late March did not reduce
seasonal forage yield. Sholar et al. (1983) in Oklahoma also
reported that seasonal forage yleld was not reduced by
cutting in fall. Only in 1983 did fall harvesting result in
significantly larger seasonal total forage and alfalfa yields
(1.5 Mg/ha more forage) than unharvested subplots. In that
year, 1.1 Mg/ha of alfalfa was harvested In late fall or
available for grazing. 1In subsequent years, total forage and
alfalfa ylelds from these harvest management treatments
produced less than 1.0 Mg/ha and contributed little to
seasonal forage production. The percentage of weeds in the
forage was not consistently different among harvest
management treatments except in OK08 where fall harvested
subplots tended to have higher weed content than the other
harvest management treatments by third harvest of 1985.

Stand retention was similar among harvest management
treatments and, though significant differences did occur, no
consistent pattern resulted. Final plant density indicated
that neither fall harvesting nor winter grazing were
detrimental to stand longevity relative to alfalfa left
unharvested through winter. Sholar et al. (1983) indicated

that fall cutting date was not a significant factor in
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influencing stand persistence.

Crude protein content of forage was not consistently
affected by cultivar, harvest management, or weevil
management treatments. Berberet and McNew (1986) reported
that feeding damage caused by weevil larvae did not
necessarily reduce protein content of plant tissues because
plant development was slowed resulting in higher stem protein
than in older plants. This phenomenon masked protein loss
due to leaf consumption. However, control of weeds with
herbicides generally did result in a higher percentage of
protein than the forage from the weed infested treatments.

Reduction of first harvest total forage and alfalfa
yields was less than 0.6 Mg/ha in 1983 through 1985 due to
infestations of alfalfa weevils or weeds relative to control
of both pest types. At first harvest in 1986 and 1987, total
forage and alfalfa yields were reduced ca. 1.0-1.4 Mg/ha due
to infestations of alfalfa weevils each year relative to the
herbicides plus insecticide treatment. Control of weeds
throughout the study did slightly increase total forage yield
at first harvest in later years. Combined alfalfa weevil and
wveed infestations decreased total forage yield by 0.7 Mg/ha,
wvhile alfalfa yield was reduced almost 3.0 Mg/ha, relative to
the herbicides plus insecticide combination where both pest
types were managed. Berberet et al. (1987) and Norris et al.
(1984) also documented greatest yield loss in plots infested
with both weeds and alfalfa weevils. 1In 1987, the loss of

total forage and alfalfa ylelds in winter grazed subplots due
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to combined pest stress (0.6 Mg/ha) was about half that of
the other harvest management treatments, relative to the
treatment where both pest types were controlled. Winter
grazing more effectively reduced larval populations allowing
better plant growth and development.

Decreases in seasonal total forage and alfalfa yields
due to infestations of weevils, weeds, or both were typlcally
less than 1.0 Mg/ha from 1983 to 1985. 1In 1986 and 1987, the
effects of pest management throughout the study became more
evident as reductions iIn stem density and yield due to pest
infestations increased substantially. Alfalfa weevil
infestation reduced seasonal total forage yields 1.5-2.7
Mg/ha while seasonal alfalfa yields were reduced 2.1-3.6
Mg/ha, relative to the herbicides plus Insectliclde
combination. Seasonal total forage yields were increased
little due to weed control throughout the study but residual
effects on seasonal alfalfa yields were 2.0-4.5 Mg/ha lower
in the weed infested treatment by 1986, relative to the sub-
subplots where both pest types were managed. Infestations of
both weeds and weevils reduced seasonal total forage yield up
to 4.5 Mg/ha by 1987 and reduced alfalfa yield as much as 8.1
Mg/ha. Although the same trends in yield loss occurred,
greater losses occurred in this study than in that of
Berberet et al. (1987) probably due to higher weed
infestations.

Infestations with either weeds or weevil larvae resulted

in up to 5.4 stems/0.1 m2 fewer than from controlling both
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pest types while as many as 8.6 stems/0.1 m? fewer resulted
where neither pest type was controlled. This was consistent
among all harvest management treatments. Berberet et al.
(1987) reported virtual loss of an alfalfa stand after 2-4
years due to infestation of both weeds and weevils.

Overall total forage yields from 1983 to 1987 were 5.6
and 1.8 Mg/ha lower when weevils or weeds were left
uncontrolled, respectively. Overall alfalfa yields were 7.5
and 7.3 Mg/ha lower when elither weevils or weeds were not
managed, relative to the treatment where both pest types were
controlled. The loss due to combined pest stress was equal
to or greater than the sum of the losses caused by each pest
type individually.

Final plant.densities at the termination of the study
averaged ca. 8.5/1 m? lower due to alfalfa weevil infestation
and 14.1/1 m2 lower due to weed competition relative to the
treatment where both pest types were managed. About 23
plants/1 m2® fewer resulted from combined stress caused by
infestations of weeds and alfalfa weevils as compared to the
herbicides plus insecticide combinatlion. The loss in plant
density in the unsprayed treatment with infestations of both
pest types was comparable to the sum of the losses caused by
each pest type 1individually.

In conclusion, forage production and stand retention of
the unimproved cultivar OK08 was comparable to the other
cultivars for the first 3 years of the study but degenerated

rapidly in the last 2 years of the study due to high weed
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infestations in all treatment combinations. Relative to
alfalfa left unharvested through winter, neither harvesting
in late fall nor winter grazing reduced forage production or
stand persistence after 5 years. Though additional forage
was available by harvesting in late fall and grazing in
winter, this production was generally insufficient to
substantially increase seasonal yleld relative to the
unharvested treatment. Infestations of weeds and alfalfa
weevils reduced alfalfa yields and accelerated stand decline.
Control of weevil larvae resulted in greater alfalfa
production and reduced weed infestations by removing stress
from alfalfa plants and allowing better competition with
weedy species. Control of weeds did not always increase
seasonal forage yields but did increase the alfalfa component
of the resulting forage. Management of weeds or alfalfa
wveevils reduced stand loss relative to unsprayed alfalfa
allowing the stand to remain in production for a longer
period of time which became more important in the later years

of stand life.
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TRBLE I

FIRST HARVEST YIELD OF ALFALFA FORAGE (% + SE> AFTER IMPOSITION
OF HARVEST AND PESTICIDE TRERTMENTS IN THREE CULTIVARS,
CHICKASHA, OKLRAHOMA, 12 MAY 1983, SEASON 1

All Fall harvested Hinter grazed Unharvested
cultivars No herb. erbicides No herb. Herbicides No herb. Herbicides

Total forage yield (Mg/had

No insect. 5.3 £+ 0.2 4.8 + 0.3 4.7 + 0.2 4.5 + 0.2 5.1 + 0.2 4.7 + 0.2
Insecticide 5.6 £+ 0.2 5.1 +0.2 5.1 = 0.1 4.8 + 0.2 5.5 + 0.2 5.0 + 0.2
Alfalfa yield (Mg/hal
No insect. 5.1 +0.2 4.8 + 0.3 4.4 + 0.2 4.4 + 0.2 4.8 + 0.2 4.7 + 0.2
Insecticide 5.4 + 0.2 S.1 0.2 5.0 + 0.1 4.8 + 0.2 5.3 + 0.2 4.9 + 0.2
_ Percent crude protein
No insect. 17.0 + 0.6 17.4 + 0.7 17.6 = 0.7 17.1 # 0.9 17.3 + 0.7 1.1 + 0.8
Insecticide 16.4 + 0.9 17.8 + 0.8 17.8 + 0.8 17.6 + 0.5 17.0 + 0.9 17.6 + 0.7
Total Alfalfa Z_protein
L.S.D. for harvest management= 0.8 0.8 1.9
L.S.D. for pesticides= 0.2 0.2 0.8

Sv



TABLE II

SEASONAL HARVEST YIELD OF ALFALFA FORAGE (%X + SE)> AFTER IMPOSITION
OF HARVEST AND PESTICIDE TREATMENTS IN THREE CULTIVARS,
CHICKASHA, OKLAHOMA, 1983, SEARSON 1

All Fall cut HWinter grazed Unharvested
cultivars No herb. Herbicides No herb. Herbicides No herb. Herbicides

Total forage yield (Mg/ha’

No insect. 16.6 + 0.4 15.9 + 0.5 15.1 + 0.4 15.8 + 0.4 14.3 + 0.3 14.1 + 0.3

Insecticide 16.4 + 0.5 16.2 t 0.6 15.8 + 0.4 15.9 + 0.3 15.6 + 0.6 15.2 + 0.5
Alfalfa yield (Mgrha’

No insect. 16.4 + 0.5 15.9 + 0.5 14.8 + 0.4 15.8 + 0.4 14.0 + 0.3 14.1 + 0.3

Insecticide 16.3 £ 0.5 16.2 * 0.6 15.6 + 0.4 15.9 + 0.3 15.3 + 0.5 15.2 + 0.5

Total Eield Alfalfa yield
LSD for harvest management=

LSD for pesticide= 0.4 0.4

oY



TRBLE III

FIRST HARVEST YIELD OF ALFALFA FORAGE (% * SE> AFTER IMPOSITION
OF HARVEST AND PESTICIDE TREATMENTS IN THREE CULTIVARS,
CHICKASHA, OKLAHOMA, B8 MAY 1984, SERSON 2

All Fall harvested Hinter grazed Unharvested
cultivars No herb. Herbicide No herb. Herbicide No herb. Herbicide

Total forage yield (Mg/ha’

No insect. 5.9 £ 0.5 5.1 £ 0.1 5.7 £ 0.2 5.6 + 0.3 5.7 + 0.2 5.6 + 0.1
Insecticide 5.3+ 0.2 S.4 + 0.2 5.5 + 0.2 5.7 = 0.1 5.9 £ 0.2 5.6 + 0.2
Rlfalfa yield (Mgr/ha)
No insect. 5.7 £+ 0.5 5.1 + 0.3 5.6 + 0.2 5.6 + 0.3 5.5 + 0.2 5.6 + 0.1
Insecticide 5.3 £+ 0.2 5.4 + 0.2 5.4 + 0.2 5.7 £ 0.1 5.8 + 0.2 S.e + 0.2
Percent crude protein
No insect. - 20.7 + 0.3 19.9 + 0.3 20.3 + 0.4 21.7 + 0.7 18.8 + 0.9 20.4 + 0.7
Insecticide 19.5 + 0.7 21.3 + 0.6 20.2 + 0.2 20.1 + 1.0 1.2 + 1.1 20.6 + 0.5
Total Rlfalfa #Z protein
L.S.D. for harvest management= 1.0 1.0 .
L.5.0. for pesticides= 0.2 0.2 g.s
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TRABLE IV

SEASONAL HARVEST YIELD OF ALFALFA FORAGE (% + SE> AFTER IMPOSITION
OF HRRVEST AND PESTICIDE TREATMENTS IN THREE CULTIVARS,
CHICKASHA, OKLAHOMA, 1984, SERASON 2

All Fall cut Winter grazed Unharvested
cultivars No herb. Herbicides No herb. Herbicides Mo herb. Herbicides

Total forage yield (Mg/hal

No insect. 19.9 + 0.8 13.0 + 0.7 19.4 + 1.0 19.3 + 0.7 18.1 + 0.6 18.3 + 0.5
Insecticide 19.7 + 0.7 13.3 + 0.6 18.2 + 0.5 19.4 + 0.5 19.0 + 0.5 19.3 + 0.6
RAlfalfa yield (Mg/hal
No insect. 19.5 + 0.8 19.0 + 0.7 19.4 + 1.0 19.3 + 0.7 17.9 + 0.7 18.3 + 0.5
Insecticide 19.5 + 0.7 1.3 + 0.6 18.2 + 0.5 19.4 + 0.5 19.0 + 0.5 19.2 + 0.6
Total yield HAlfalfa yield

LSD for cultivar= 2.3 3.1

LSO for harvest management= 3.1 3.1

LSD for pesticide= 0.7 0.7
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TABLE V

FIRST HARVEST YIELD OF ALFALFA FORAGE (%X + SE> AFTER IMPOSITION
OF HARVEST AND PESTICIDE TREATMENTS IN THREE CULTIVARS,
CHICKASHA, OKLAHOMA, 3 MAY 1985, SERSON 3

Fall harvested Hinter grazed Unharvested
Cultivar . No herb. Herbicide No herb. Herbicide No herb. Herbicide

Total forage yield (Mg/ha)

HL318
No insect. S.2
Insecticide S.8
Arc
No insect. 6.8
Insecticide 6.2
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TABLE V {Continued)

Fall harvested Hinter grazed Unharvested

Cultivar No herb. Herbicide No herb. Herbicide No herb.

Herbicide

Percent crude protein

No insect. 16.8 + 0.7 16.2 + 0.6 17.3 + 0.7 16.5 + 0.5 16.7 + 0.6
Insecticide 16.1 + 0.6 16.9 + 0.6 17.5 + 0.5 17.8 + 0.7 16.4 + 0.7
Total Alfalfa % protein
L.S.0. for cultivar= 1.1 1. - :
L.S.0. for harvest management= 0.9 1.2 2.6
L.S.0. for pesticides= 0.2 0.2 0.7

I+ 1+

0.8
0.5
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TABLE VI

SEASONAL HARVEST YIELD OF ALFALFA FORAGE (% + SEY AFTER IMPOSITION
OF HARVEST AND PESTICIDE TREATMENTS IN THREE CULTIVARS,
CHICKASHA, OKLAHOMA, 1985, SEASON 3

Fall cut Hinter grazed Unharvested
Cultivar No herb. Herbicides No herb. Herbicides No herb. Herbicides

Total forage yield (Mg/ha’

WL318
No insect. 23.0+ 0.9 22.1 + 0.4 21.9+ 0.3 21.6+ 0.B 21.0+ 1.0 21.5+ 1.2
Insecticide 22.5+ 1.1 22.2+ 1.1 23.6 £+ 0.6 22.9+ 0.4 22.9+ 0.9 22.4 + 0.8
Arc
No insect. 23.1 + 0.4 22.6 + 0.7 22.4+ 0.9 23.4+ 1.6 21.9+ 1.6 22.2 + 0.9
Insecticide 2.8+ 1.0 22.8+ 0.9 23.8+ 1.0 22.6+ 1.0 21.7+ 0.9 22.9+ 1.1
0K0o8
No insect. 20,9+ 0.5 20.8+ 0.6 22.2+ 1.5 20.0+ 1.2 19,9+ 1.5 21.1 + 1.2
Insecticide 20,2 + 1.1 21.6+ 0.9 21.9+ 0.7 2370 + 1.4 20,6+ 1.3 20.9+ 1.4
Alfalfa yield (Mgrhad
WL318
No insect. 2.2+ 1.0 21.9+ 0.3 21.4+ 0.7 21.5+ 0.8 20.7 + 1.1 21.4 + 1.3
Insecticide 22.3+ 1.1 22.0+ 1.1 23.5 + 0.6 22.8 + 0. 22.4 + 0.8 22.2 + 0.8
Arc
No insect. 20,7 + 1.2 22.1 + 0.8 22.2+ 1.0 22.6+ 1.9 20.5+ 2.2 21.3+ 1.2
Insecticide 2l.4 £+ 1.5 22.5+ 1.1 23.6 + 1.0 22.3+ 1.1 2l.6 + 1.0 22.6 + 1.1
0K0o8
No insect. 15.1 £+ 1.6 19.2+ 1.0 20.1 % 2.5 172.7 + 1.9 17.9+ 1.7 20.0+ 1.5
Insecticide 6.5+ 2.9 20.2+ 1.4 20.7 # 1.4 22.5+ 1.5 13.3 + 1.6 18.5 + 2.3

Total yield Alfalfs yield
4.0

LSD for cultivar= 2.7
LSD for harvest management= 2.0 2.9
LSD for pesticide= 0.4 0.6
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TABLE VII

FIRST HARVEST YIELD OF ALFALFA FORAGE (X + SE) AFTER IMPOSITION
OF HARVEST AND PESTICIDE TREATMENTS IN THREE CULTIVARS,
CHICKASHA, OKLAHOMA, 29 APRIL 1986, SEASON 4

Fall harvested __Winter grazed Unharvested
Cultivar No herb. Herbicide No herb. Herbicide No herb. Herbicide

Total forage yield (Mg/hal

HL318
No insect. 2.7 + 0.1 2.5 + 0.1 3.1 + 0.2 2.7 £+ 0.3 3.1 + 0.1 2.7 + 0.2
Insecticide 4.1 + 0.1 3.8 + 0.3 4.2 + 0.2 4.2 + 0.1 4.8 + 0.6 4.3 + 0.2
Arc
Na insect. 3.2 + 0.2 2.5 + 0.1 3.2 £ 0.3 3.0 £+ 0.2 3.6 + 0.4 3.2 + 0.1
Insecticide 4.7 + 0.3 4.0 + 0.2 4.6 + 0.3 4.2 + 0.2 4.8 + 0.3 4.4 + 0.2
0K08
Na insect. 2.0+ 0.2 1.9 + 0.5 2.2 + 0.3 2.2 + 0.6 3.0 + 0.8 1.7 + 0.5
Insecticide 3.0 £+ 0.4 2.9 + 0.1 3.5 + 0.1 3.3 + 0.4 3.8 + 0.2 3.4 £+ 0.3
Rlfalfa forage yield Mgrhal’
HWL318
No insect. 1.4 + 0.2 2.2 + 0.1 1.9 + 0.2 2.6 + 0.2 1.4 + 0.3 2.6 + 0.2
Insecticide 2.9 + 0.5 3.7 £+ 0.3 3.6 + 0.2 4.1 + 0.1 3.6 £ 0.7 4.0 + 0.3
Arc '
No insect. 1.1 + 0.3 2.1 + 0.1 2.1 + 0.4 2.8 + 0.2 1.4 + 0.4 2.9 + 0.2
Insecticide 3.8 + 0.4 3.8 + 0.2 4.1 + 0.4 4.1 + 0.2 3.4 + 0.5 4.3 + 0.2
OK08
No insect. 0.4 £ 0.2 1.4 + 0.4 0.4 + 0.1 1.8 + 0.4 0.3 + 0.1 1.5 + 0.3
Insecticide 1.4 + 0.5 2.5 + 0.2 2.2 £+ 0.3 3.0 + 0.2 1.9 + 0.6 2.9 + 0.4

S



TABLE VII (Continued)

Fall harvested Winter grazed Unharvested
Cultivar No herb. Herbicide No herb. erbicide No herb. Herbicide

Percentage of weeds in forage

HL318 .
No insect. 48.5 + 5.7 8.8 £ 3.5 38.0 + 5.6 3.5+ 1.7 52.8 *11.7 5.3 ¢+ 1.9
Insecticide 28.0 +12.5 2.8 + 1.1 13.0 + 3.7 2.3 = 0.9 27.8 + 4.9 B.0 %+ 4.7
Are
No insect. 66.3 = B.5 14.5 + 3.7 34.3 + B.b6 7.5 ¢ 3.2 60.0 + 7.9 10.5 + 5.4
DKénsecticide 20.0 = 4.4 4.8 + 0.9 11.5 + 4.9 3.8+ 1.4 28.8 + 7.6 2.5+ 1.0
B .
No insect. 80.5 #11.9 25.0 %10.1 81.3 t 6.3 16.3 £ S.1 88.8 + 4.7 8.5 + 4.6
Insecticide 52.8 +11.9 12.5 + 3.8 38.0 + 8.8 8.5 + 3.4 52.0 £13.1 14.5 + 4.8
Total Alfalfa #Z weeds
L.5.0. for cultivar= 1.6 0.9 20.2
L.5.D. for harvest management= 1.2 0.8 17.0
L.S.D. for pesticides= 0.2 0.2 3.7
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TABLE VIII

THIRD HARVEST YIELD OF ALFALFA FORRGE <X + SE) AFTER IMPOSITION
OF HARVEST AND PESTICIDE TREATMENTS IN THREE CULTIVARS,
CHICKASHA, OKLAHOMA, 10 JULY 1986, SERSON 4

Fall harvested Hinter grazed Unharvested
Cultivar No herb. Herbicide No herb. Herbicide No herb. Herbicide
Total forage yield (Mg/had
HL318 )
No insect. 2.4 + 0.2 2.8 + 0.2 2.8 + 0.2 2.5 + 0.2 2.5 + 0.3 2.5 + 0.1
Insecticide 2.8 + 0.1 2.8 + 0.2 2.6 £ 0.1 3.2 + 0.2 3.2 £+ 0.3 3.0 + 0.2
Arc
No insect. 2.7 + 0.4 2.3 + 0.2 2.5 = 0.3 2.8 + 0.5 2.3 + 0.3 2.4 + 0.4
Insecticide 2.7 £+ 0.3 2.7 + 0.3 2.3 + 0.4 2.5 + 0.3 3.0+ 0.2 3.0 + 0.6
0K08
No insect. 1.5 + 0.4 1.7 + 0.1 1.8 + 0.2 2.1 + 0.2 2.1 + 0.3 2.2 £+ 0.2
Insecticide 2.1 £+ 0.2 2.5 + 0.2 1.9 + 0.2 2.4 + 0.4 2.7 £ 0.2 2.5 + 0.1
RAlfalfa forage yield (Mg/ ha’
WL31B
No insect. 2.1 + 0.1 2.7 + 0.2 2.7 + 0.2 2.5 + 0.3 2.3 + 0.2 2.5 + 0.1
Insecticide 2.7 £ 0.1 2.7 + 0.2 2.6 + 0.1 3.2 0.2 3.1 + 0.3 3.0 + 0.2
Arc :
No insect. 1.9 + 0.6 2.2 + 0.2 2.1 £ 0.3 2.8 £+ 0.5 1.7 + 0.6 2.3 + 0.4
Insecticide 2.5 + 0.3 2.7 £ 0.3 2.2 + 0.3 2.4 + 0.2 2.8 + 0.3 3.0 + 0.6
oK(08
No insect. 0.8 + 0.4 0.8 £+ 0.4 0.6 £ 0.2 1.7 + 0.3 0.7 + 0.3 1.8 + 0.2
Insecticide 1.5 + 0.5 1.8 £ 0.6 0.2 £+ 0.3 2.2 + 0.3 0.5 + 0.4 2.1 + 0.2
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TRBLE VIII (Continued)

Fall harvested Hinter grazed Unharvested
Cultivar Ne herb. Herbicide No herb. Herbicide No herb. Herbicide
Percentage of weeds in forage
WL318
No insect. 10.5 + 2.2 2.5 + 0.5 3.5 + 2.5 2.8 + 2.4 10.0 + 3.2 1.3 + 0.8
Insecticide 3.3 + 0.9 0.8 + 0.5 0.8 + 0.3 1.3 + 0.7 1.3 £+ 0.5 0.0 + 0.0
Arc
No insect. 33.5 +15.4 3.8 + 0.5 14.8 * 3.1 1.3 + 0.2 27.8 +19.0 6.5 + 3.2
Insecticide 5.3 + 2.5 0.3 + 0.3 3.8 + 2.2 1.5 + 0.6 9.0 + 4.5 0.5 + 0.3
OKo8e '
No insect. 57.3 £21.0 56.0 *19.6 66.8 +16.7 19.8 £ 7.9 68.5 +11.8 17.5 + 7.6
Insecticide 34.8 t18.4 31.0 #21.6 39.8 +13.9 7.8+ 1.7 35.5 ti6.4 14.0 + 5.2
Total Alfalf % weeds
L.5.0. for cultivar= a.8 1.0 29.9
L.5.D. for harvest management= 0.6 0.7 22.3
L.S.D. for pesticides= 0.1 0.2 5.8
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TABLE IX

PERCENTAGE OF CRUDE PROTEIN (x x SE> IN FORAGE AS INFLUENCED BY HARVEST,
INSECT AND WEED MANAGEMENT IN THREE ALFALFA CULTIVARS,
CHICKASHA, OKLAHOMA, 10 JULY 1986, SERSON 4

Fall cut Hinter grazed Unharvested
Cultivar No herb. Herbicides No herb. Herbicides No herb. Herbicides
HL318
No insect. 12.9 + 3.3 16.6 + 0.6 16.0 + 3.0 12.0 + 3.0 15.7 + 0.6 16.7 + 0.7
Insecticide 17.2 + 0.9 17.5 + 0.2 17.0 £ 1.1° 15.9 + 1.5 14.2 + 3.2 16.9 + 0.5
Arc
No insect. 16.3 £ 1.5 17.0 £ 0.3 17.8 £+ 1.3 18.1 = 0.7 14.4 + 2.3 18.4 + 1.0
Insecticide 15.1 = 2.6 16.5 + 2.7 18.3 + 0.7 17.7 £ 0.9 16.3 + 2.3 18.6 + 0.6
0OK0o8
No insect. 12.8 + 0.8 15.6 £+ 1.2 12.4 + 0.9 15.7 + 0.4 15.2 + 1.2 16.5 + 0.8
Insecticide 11.6 £+ 2.6 13.9 + 1.4 16.5 + 0.5 16.3 + 0.8 16.1 + 0.7 1S.0 + 0.6

LSD for cultivar= 3.9
LSD for harvest management= 1.8
LSD for pesticide= 1.1
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TRBLE X

SEASONAL FORAGE YIELD (% + SE> IN ALFALFA AFTER INFESTATION BY WEEDS, ALFALFA WEEVILS,
OR BOTH AND INFLUENCED BY HARVEST MANAGEMENT IN THREE ALFALFA CULTIVARS,
CHICKASHA, OKLAHOMA, 1986, SEASON 4

Fall cut Hinter grazed Unharvested
Cultivar No herb. Herbicides No herb. Herbicides No herb. Herbicides

Total forage yield (Mg/ha>

WL318
No insect. 15.5 + 0.5 16.0+ 0.4 16.9 + 0.8 15.5 + 0.5 1S.6 + 1.2 14.5 + 0.4
Insecticide 17.0+ 0.3 16.6 = 1.0 16.5 + 0.9 17.8 + 0.4 18.0 + 0.9 17.0+ 1.0
Arc
No insect. 16.3 + 0.8 14.3 + 0.9 16.7 £+ 1.1 16.4 + 0.8 15.7 £ 1.4 15.5 + 0.4
énsecticide 17.9 + 0.7 16.7 =+ 0.4 17.9+ 1.3 17.5 ¢+ 0.8 17.6 + 0.4 16.7 + 1.2
0Ko8
No insect. 10.8 + 1.3 11.8+ 0.8 12.9+ 1.1 13.4 + 0.9 12.6 + 1.2 12.5+ 0.4
Insecticide 4.6 + 1.0 14.8 + 1.2 15.2 + 0.8 14.5 + 0.9 1.8 + 1.0 16.8+ 1.0
Alfalfa yield (Mg/hal
WL318
No insect. 9.8+ 0.6 14.5 + 0.3 13.5 + 0.9 14.5 + 0.9 11.1 + 0.7 13.8 + 0.4
Insecticide 14.3 + 0.6 15.9+ 1.1 15.3 + 0.8 17.0+ 0.3 16.1 + 0.8 16.3 + 1.1
Arc
No insect. 7.7+ 1.2 12.3 + 0.7 11.4 + 0.9 15.4 + 1.0 8.9+ 2.2 13.4 + 1.3
0 Insecticide 13.5+ 1.2 15.2 + 0.4 1S.0 + 0.9 16.5 + 0.5 13.8 ¢+ 1.2 16.1 + 1.3
KO8
No insect. 2.6+ 1.3 6.4+ 1.9 3.3+ 0.6 9.4+ 1.2 3.5+ 1.5 9.1+ 1.3
Insecticide 6.9+ 2.2 10.7 + 1.3 8.0+ 1.0 12.5 + 0.6 B.9+ 2.5 12.3 + 1.3

LS



TABLE X (Continued)

Fall cut Winter grazed Unharvested
Cultivar No herb. Herbicides No herb. Herbicides No herb. Herbicides

Percentage of weeds

WL318
No insect. 37.0+ 3.4 8.7+ 2.0 20.3%+ 3.3 7.1+ 3.2 28,8+ 1.8 4.5+ 1.6
Insecticide 15,8 + 2.9 4.3+ 1.8 7.4+ 0.5 4.7+ 1.1 10.5+ 0.5 3.9+ 1.3
Arc
No insect. 53.5 ¢+ 5.6 13.7 + 2.2 31.8%+ 1.9 6.1+ 1.2 44.4 ¢+ 12,0 13.9 + 6.3
Insecticide 25.3+ 5.1 8.8+ 2.7 15.8¢+ 3.9 5.8+ 1.4 21.7% 6.4 3.3+ 0.8
oKos
No insect. 77.8 + 8.5 46.8B + 13.2 74.1 + 4.4 30.5 6.4 74,0+ 9.5 27.0+ 9.9
Insecticide 55.0+11.8 27?.8+ 8.9 46.B+ 5.7 14.1 + 1.7 45.8 + 13.5 26.6 + 6.7
tal yield Alfalfa yield Z uweeds
LSD for cultivar= 2.4 3.4 16.8
LSD for harvest management= 2.1 2.4 12.7
LSD for pesticide= 0.5 0.6 2.6
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TABLE XI

FIRST HARVEST YIELD OF ALFALFA FORAGE (% + SE)> AFTER IMPOSITION

OF HARVEST AND PESTICIDE TREATMENTS IN THREE CULTIVARS,
CHICKASHA, OKLAHOMA,

12 MAY 1987, SEASON S

Fall harvested Hinter grazed Unharvested _
Cultivar No herb. Herbicide No herb. Herbicide No herb. Herbicide
Total forage yield (Mg/ha>
WL318 bl B
No insect. 4.1 + 0.3 3.8 £ 0.5 5.5 + 0.7 5.3 + 0.9 4.7 + 0.7 4.2 + 0.5
q Insecticide - 5.7 £ 0.4 4.7 + 0.5 6.6 = 0.6 5.5+ 1.0 6.5 + 0.3 4.9 + 0.6
rc
No insect. 3.3 +0.2 3.4 + 0.6 4.2 + 0.4 4.6 + 0.6 4.2 + 0.3 3.3 + 0.4
DKéEsecticide 4.5 + 0.6 4.6 + 0.3 5.0 + 0.8 4.8 £ 0.2 4.3 + 0.3 4.8 + 0.8
No insect. 2.4 + 0.4 2.3+ 1.0 3.7 £ 0.9 3.2+1.0 3.1 + 0.6 2.5 + 0.8
Insecticide 3.4 + 0.9 4,1 + 1.1 3.7 £+ 0.5 4.7 + 1.0 4.2 + 0.9 4.0 + 0.6
Rlfalfa forage yield (Mg/ha)
WL318 34 9
No insect. 1.4 + 0.4 3.0 + 0.5 1.7 + 0.6 4.0+ 1.5 1.2 + 0.6 3.3 + 0.8
q Insecticide 3.1 + 1.0 4.4 + 0.6 3.3+ 1.0 4.4 + 1.2 3.7 + 0.7 4.1 + 0.4
rc
No insect. 1.0 + 0.5 2.2 + 0.2 1.4 + 0.6 3.7 £ 0.9 0.6 + 0.3 1.6 + 0.5
0 Insecticide 2.1 + 0.5 3.8 + 0.3 2.9 + 0.7 3.5 +# 0.5 2.0 + 0.6 4.1 + 0.5
KO8
No insect. 0.1 + 0.1 1.2 + 0.8 0.2 + 0.1 1.7 + 0.6 0.1 + 0.1 1.6 + 0.7
Insecticide 0.9 + 0.6 3.0+ 1.2 0.6 + 0.3 3.3+ 1.2 1.2 + 0.8 2.1 + 0.9
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TABLE XI (Continued)

Fall harvested Hinter grazed Unharvested
Cultivar No herb. Herbicide No herb. Herbicide No herb. Herbicide

Percentage of weeds in forage

WL318 :
No insect. 66.3 + 9.4 20.0 + 9.9 71.8 £+ 7.5 24.5 +20.9 74.3 +£12.8 23.5 £ 9.9
Insecticide 48.5 +16.4 7.0 £+ 5.4 52.5 ¢12.0 21.8 #12.0 43.5 + B.4 15.8 # 6.5
Arc
No insect. 71.8 t14.4 28.0 +14.5 69.0 ¢+ 9.6 21.8 %12.8 85.8 £ 7.0 51.5 #16.0
Insecticide 55.5 £ 5.6 17.0 £ 5.2 43.3 + 7.0 29.0 + 8.1 53.8 t12.5 11.0 £ 7.0
okos
No insect. 94.8 £ 1.3 43.8 +18.8 93.0 ¢ 2.7 44.0 £ 9.5 95.3 + 0.5 39.8 +17.5
Insecticide Bl1.0 + 9.1 25.8 $15.5 83.3 %+ 6.0 33.5 +14.5 78.0 11.4 52.5 tl4.6
Total Alfalfg £ weeds
L.S.0. for cultivar= 1.6 1.9 29.6
L.S5.0. for harvest management= 1.2 1.5 27.9
L.S5.0. for pesticides= 0.3 0.4 6.9
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TRBLE XII

THIRD HARVEST YIELD OF ALFALFA FORAGE (%X + SE> AFTER IMPOSITION
OF HARVEST AND PESTICIDE TREATMENTS IN THREE CULTIVARS,
CHICKASHA, OKLAHOMA, 21 JULY 1987, SEASON S

I+ 1+

I+ 1+

-+ I+

I+ i+

I+ 1+

ee PO 0o

wWhe NE N

Fall harvested Hinter grazed Unharvested
Cultivar No herb. Herbicide No herb. Herbicide No herb. Herbicide
Total forage yield (Mg/hal
WL318
No insect. 2.1 + 0.3 3.0 + 0.2 2.7 + 0.1 2.5+ 0.1 2.1 £+ 0.2 2.7
Insecticide 2.9 + 0.2 2.6 + 0.2 2.3 + 0.2 3.2 + 0.2 3.0 + 0.3 2.6
Arc
No insect. 1.9 + 0.6 2.1 £+ 0.3 1.9 + 0.4 2.0 + 0.2 2.0 £+ 0.4 2.5
Insecticide 2.0 + 0.4 2.4 + 0.2 2.3 + 0.3 2.4 + 0.2 2.3 + 0.3 2.6
OK0o8
No insect. 0.8 + 0.2 1.6 + 0.4 1.0 £ 0.2 1.9 + 0.2 1.3 + 0.3 1.6
Insecticide 1.7 + 0.4 2.2 £+ 0.3 1.3 + 0.4 2.4 + 0.4 1.4 + 0.2 1.8
Alfalfa forage yield (Mg/ha’
WL318
No insect. 1.2 + 0.4 2.7 £ 0.2 1.5 + 0.2 2.4 + 0.2 0.9 £ 0.4 2.3
Insecticide 2.6 + 0.2 2.5 £ 0.2 1.8 £+ 0.2 3.1 + 0.2 2.5 £+ 0.3 2.6
Arc
No insect. 1.5 + 0.5 1.9 + 0.3 1.3 £+ 0.5 1.8 £+ 0.2 0.8 + 0.3 1.6
Insecticide 1.4 + 0.5 2.3 £ 0.2 1.8 + 0.3 2.1 + 0.3 1.5 + 0.4 2.5
OK08
No insect. 0.2 + 0.2 0.8 + 0.5 0.2 + 0.2 0.6 £+ 0.2 0.1 + 0.1 0.6
Insecticide 0.5 + 0.5 1.3 +£0.7 0.6 + 0.3 2.0 + 0.5 0.6 £ 0.3 1.0

I+

ee 0o 0Db
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TABLE XII (Continued)

Fall harvested HWinter grazed Unharvested
Cultivar No herb. Herbicide No herb. Herbicide No herb. Herbicide

Percentage of weeds in forage

WL318

No insect. 45.8 +16.4 7.3+ 2.0 41.0 +# 8.9 3.3 + 0.9 60.3 +15.7 18.3 +11.0
q Insecticide 11.0 + 2.5 3.8 £ 1.1 21.0 + 4.1 2.0 + 0.4 15.5 + 7.3 2.8 + 0.5
rc

No insect. 27.5 + 8.3 10.0 + 3.9 41.3 +15.7 8.5 + 3.3 62.0 +14.1 41.5 #15.8

Insecticide 37.8 #11.0 5.0 + 2.3 22.3 + 6.6 14.3 + B.6 37.5 + 7.7 3.5 + 0.9
OKOB

No insect. 86.8 +11.9 63.3 +19.5 85.0 +11.4 64.3 +14.7 92.3 + 2.2 70.0 +15.0

Insecticide 80.5 #16.5 48.0 +23.5 67.8 +15.6 19.8 + 7.3 54.0 +17.9 §3.8 +20.3

Total Alfalfa % weeds

wee
L.5.D. for cultivar= 0.8 1.0 32.6
L.S.D. for harvest management= 0.7 0.8 26.5
L.5.0. for pesticides= 0.2 0.2 5.0
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TRBLE XIII

SEASONAL FORAGE YIELD (% + SE> IN ALFALFR AFTER INFESTATION BY WEEDS, ALFALFA WEEVILS,
OR BOTH AND INFLUENCED BY HARVEST MANAGEMENT IN THREE ALFALFA CULTIVARS,
CHICKASHA, OKLAHOMA, 13887, SEASON S

Fall cut Hinter grazed Unharvested
Cultivar No herb. Herbicides No herb. Herbicides No herb. Herbicides

Total forage yield (Mgr/had

WL318
No insect. 10.9+ 0.9 13.5+ 0.6 13.1+ 0.7 14.5+ 1.6 11.3+ 1.2 13.2+ 0.6
o Insecticide 1S.1+ 1.0 14.3% 1.0 15.4+ 0.7 15.4+ 1.1 16.6+ 0.7 15.6 + 0.B
L gl =1
No insect. 10.0+ 1.5 11.8% 0.3 11.0% 1.3 13.8% 1.3 10.5% 1.3 12.7 + 1.0
Insecticide 12.1 £ 1.6 13.7% 1.1 13.3% 1.2 150+ 1.1 12.7 + 0.6 14.6 + 1.2
OKO8
No insect. 5.9+ 0.6 B8.8% 1.3 B.1% 1.3 10.8+ 1.3 ?7.5% 0.9 9.1+ 1.1
Insecticide 8.7+ 1.9 12.2+ 1.1 B.9% 0.9 140+ 1.2 9.2% 1.4 11.2+ 1.5
Alfalfa yield (Mgrhad
WL318
No insect. S.0+ 0.9 10.7+ 0.9 6.0+ 0.6 12.2+ 2.4 3.8+ 1.0 10.2+ 1.5
Insecticide 10.4 + 1.7 12.9% 1.3 9.4% 1.4 13.6% 1.5 11.1% 1.5 14.0+ 0.9
Arc
No insect. 5.0+ 1.6 B8.0% 1.4 4.5+ 1.4 10.9+ 2.2 3.3z 1.1 6.9+ 1.9
Insecticide 6.5+ 1.7 11.9% 1.2 8.2+ 1.4 11.4+ 1.9 6.5+ 1.3 13.1 % 1.2
OKOB
No insect. 0.8+ 0.5 3.4% 1.8 1.2% 0.4 4.3+ 0.9 0.7+ 0.2 4.1+ 1.8
Insecticide 2.9+ 2.0 7.2+ 2.5 2.6+ 0.9 B.7% 2.4 3.4% 1.8 4.9+ 2.4
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TABLE XIII (Continued)

Fall harvested Hinter grazed Unharvested
Cultivar No herb. Herbicide . No herb. Herbicide No herb. Herbicide

Percentage of weeds

WL31B
No insect. S4.8 + 4.4 20.7 + 3.9 5S4.4 + 3.4 17.1 + 9.9 66.9+ 8.6 24.0+ 7.6
Insecticide 32.1+ 7.6 9.8+ 4.0 39.7+ 6.5 11.9+ 4.9 33.4 + 6.9 10.6 + 2.4
Arc '
No insect. 53.9 + 12.4 32.9 + 10.9 861.8%+ 8.5 21.9 £ 10.2 70.7 + B.1 47.1 % 13.0
Insecticide 48.1 + 8.4 13.6 + 4.7 40.3 %+ 6.6 25.7 + 9.3 48.9+ 9.1 10.0+ 4.0
oko8s
No insect. 88.1 + 6.3 67.2 + 14.4 B85.4 + 4.6 61.0+ 3.6 90.4+ 1.5 58.2 + 14.8
Insecticide 73.5 + 13.2 43.6+t16.0 71.9+ 8.3 40.4 + 9.8 67.6 + 13.0 61.5 + 14.5
Total yield Alfalfa yield % weeds
LSD for cultivars 3.1 . .
LSD for harvest management= 2.0 2.8 9.1
LSD for pesticide= 0.5 0.6 4.2
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TABLE XIV

STUDY TOTAL HARVEST YIELD OF ALFALFA FORAGE (% + SE> AFTER IMPOSITION
OF HARVEST AND PESTICIDE TREATMENTS IN THREE CULTIVARS,
CHICKASHA, OKLAHOMA, 1983-1987, SERSONS 1-5

Fall cut Hinter grazed Unharvested
Cultiwvar No herb. Herbicides No herb. Herbicides No herb. Herbicides
Total forage yield (Mg/ha’
WL318
No insect. 85.4 + 2.4 B87.4 + 2.4 86.5+ 3.3 B6.6E +t 1.5 80.2 + 1.9 B80.8 + 1.6
Insecticide 90.9 + 0.6 B88.6 + 2.7 88.6+ 2.0 93.3 + 0.9 92.7 + 1.9 B9.0+ 1.3
Arec
No insect. 87.0+ 2.3 B85.6 + 3.4 B85.9+ 3.0 89.7 + 4.4 82.3 + 4.1 B4.3 + 1.7
Insecticide 90.5 + 3.0 B89.6 + 3.4 90.3 + 3.1 B89.7 + 2.3 B6.2 + 4.1 89.3 + 4.1
OKOB
No insect. 74.3 + 3.4 74.2 + 1.5 77.1 + 4.8 79.4 + 4.1 70.6 + 2.0 74.4 + 3.2
Insecticide 78.5+ 2.0 84.0+ 3.7 80.2+ 3.5 B6.3 + 5.0 B0.0 + 3.2 B83.1 + 3.0
Alfalfa yield (Mg/ha>
HL318
No insect. 2.8+ 2.3 83.0+ 2.1 75.2 + 2.9 83.0+ 2.8 67.6 + 2.6 76.9 + 0.9
Insecticide 83.1 + 0.7 B6.4 + 3.4 Bl.0+ 2.3 90.5+ 1.6 84.6 + 2.2 B6.5+ 1.7
Are
No insect. 70.2 + 4.3 79.2+ 3.6 73.8+ 3.3 B5.1 + 5.4 66.7 + 5.1 75.4 + 3.7
Insecticide 78.9+ 4.3 B85.9 + 3.1 82.0 + 2.8 B4.8B + 3.1 75.9 + 5.3 87.0 + 4.3
0K0o8
Ne insect. S4.4 + 4.6 61.5+ 4.0 SB8.0+ 4.9 B66.4 + 4.6 51.8 + 3.3 65.0+ 4.7
Insecticide 60.6 + 5.4 73.5 + 4.1 65.6 + 4.2 ¥7B.5 + 5.0 65.6 + 5.0 ©9.9 + 5.2
[otal yield Alfalfa yield
LSD for cultivar= 6.6 10.2
LSD for harvest management= 7.8 10.2
LSD for pesticide= 1.4 1.6
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TABLE XV

STAND PERSISTENCE OF ALFALFA (% + SE> AFTER IMPOSITION OF
HARVEST AND PESTICIDE TRERTMENTS IN THREE CULTIVARS,
CHICKASHA, OKLAHOMA, 1983-1985, SERASONS 1-312

Fall cut Hinter grazed Unharvested
Cultivar No herb. Herbicides No herb. Herbicides No herb. Herbicides
9 May 1983
No insect. 29.7 + 1.0 31.3 + 1.1 32.8 + 0.5 33.2 + 0.8 31.2 + 0.8 30.s + 0
Insecticide 31.9 £+ 0.9 29.8 + 0.9 29.7 + 0.8 30.8 + 0.7 29.7 + 0.7 3l.6 +1
8 May 1984
No insect. 22.9 + 0.9 23.4 + 0.6 25.4 + 0.5 25.2 + 1.2 24.2 + 0.5 24.9 + 0
Insecticide 24.0 + 0.6 25.0 + 0.9 25.l + 0.8 24.7 + 0.8 23.5 + 0.6 24.9 + 1
4 April 1985
HL318
No insect. 26.1 + 2.5 24.1 + 1.7 25.5 + 1.4 27.0 + 0.6 2?.0 + 1.5 26.0 + 0
q Insecticide 26.0 + 0.7 24.7 + 2.2 24.8 + 0.9 25.3+ 1.2 25.7 + 1.7 26.6 + 2
rc
No insect. 22.3 + 2.3 27.0 £ 1.8 23.9 + 1.5 24.2 + 0.6 25.0 + 1.1 26.7 £+ 0
Insecticide 24.7 + 1.4 27.9 + 2.0 25.6 = 1.2 27.1 = 0.9 24.3 + 0.8 25.3 ¢+ 1
OK0D8
No insect. 17.8 + 2.0 21.5 + 1.0 22.4 + 2.3 24.3 + 0.6 23.1 + 1.4 21,0+ 1
Insecticide 22.0 + 1.0 21.3 + 2.0 24.4 + 2.2 22.6 + 0.8 20.3 + 0.9 20.8 + 2
9 _May 1983 8 May 1984 4 fApril 1985
LSD for cultivar= 4.1 3.3 1.3
LSD for harvest management= 4.1 3.7 1.2
LSD for pesticide= 0.7 0.8 0.9

2 8 of stems/0.1 m2
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TABLE XVI

STAND PERSISTENCE OF ALFALFA (% + SE)Y RFTER IMPOSITION OF
HARVEST AND PESTICIDE TREATMENTS IN THREE CULTIVARS,
CHICKASHA, OKLAHOMA, 1986, SEASON 4 2

Fall cut Hinter grazed Unharvested
Cultivar No herb. Herbicides No herb. erbicides No herb. Herbicides
15 April
WL318B
No insect. 15.0+ 1.3 18,6+ 1.0 19.2+ 2.3 21.5+ 3.3 13.5% 1.6 1B.0+ 2.8
Insecticide 20.5 + 1.3 20.7 ¢ 1.8 23.6x 1.7 24.0% 1.1 13.9 + 0.3 21.6 + 1.0
Arc '
No insect. 13.6 + 0.8 17.2+ 2.4 12,9+ 0.8 20.1+ 1.0 13.2+ 3.4 1B.7 + 1.8
Insecticide 19.4 + 1.5 20.1+ 0.8 172.7+ 1.0 20.5+ 1.0 16.0+ 0.9 20.2 + 1.3
oKo8
No insect. 5.0+ 2.6 11.4 + 1.5 6.9+ 1.4 12.0+ 2.5 3.8+ 0.8 12.6 + 3.5
Insecticide 10,2+ 2.5 17.1 ¢+ 1.9 15.1 + 1.9 1B.1 + 1.4 12,7 + 2.6 13.9 + 2.6
2 July
HL318
No insect. 6.4+ 1.4 1B.2+ 1.2 19.5+ 2.8 15.8+ 2.2 17.6 + 0.6 15.6 + 1.8
Insecticide 8.7+ 1.3 18.7+ 1.5 18.3+ 1.9 1B.3+ 3.2 18.0+ 1.7 18.0 + 1.4
Arc
No insect. 14.1 + 1.0 11.7+ 1.8 13.8+ 1.4 15.3+ 0.5 14.1 + 2.5 16.9 + 1.7
Insecticide 15.4 + 3.0 15.6+ 0.6 18.4 + 0.9 15.2+ 1.2 15.0+ 0.6 18.6 + 1.6
oko8
No insect. 4.5+ 1.8 10.0 + 2.4 7.2+ 1.8 B.4+ 1.1 8.8+ 2.0 11.3 + 1.5
Insecticide 11.4 + 1.9 12.9+ 1.1 12.5+ 2.8 13.4 + 2.2 11.2+ 2.9 10.3 + 0.8
15 April 1986 2 _July 1986
LSD for cultivar= 5.1 5.1
LSD for harvest management= 4.6 4.4
LSD for pesticide= 1.0 1.0

a4 of stems/0.1 m?
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TABLE XKVII

STAND PERSISTENCE OF ALFALFA (% + SE) AFTER IMPOSITION OF
HARVEST AND PESTICIDE TREATMENTS IN THREE CULTIVARS,
CHICKASHR, OKLAHOMA, 1987, SEASON 52

Fall cut Hinter grazed Unharvested
Cultivar No Rerb. Herbicides No herb. Herbicides No herb. Herbicides
28 April
HWL318
No insect. 3.2+ 1.5 6.1+ 2.0 6.9+ 0.9 11.3 + 3.9 3.7 + 1.7 8.1 + 4.3
Insecticide 8.5+ 2.2 11.2 + 4.3 11.1 + 4.4 12.0+ 4.2 8.5+ 2.0 11.2 + 3.1
Arec
Ne insect. 5.2+ 2.0 6.9+ 1.3 5.2+ 0.6 B.8% 2.4 3.9+ 1.6 B.7 + 2.2
Insecticide 5.6+ 2.5 12.3+ 1.4 8.8+ 1.7 10.5 + 2.6 8.1+ 2.0 12,5+ 1.7
oKos
No insect. 3.3+ 2.3 5.2+ 1.7 4.5+ 2.0 7.8+ 0.7 1.3+ 0.6 6.2+ 1.7
Insecticide 5.6 + 3.1 7.5+ 2.5 6.0+ 2.5 11.3 + 1.5 9.4 + 2.2 7.4+ 3.4
14 July
WL318
No insect. 5.5+ 1.1 12.5+ 1.3 10.9 + 2.4 13.1 + 1.3 9.1+ 1.6 14,8+ 1.2
Insecticide 11.5 + 0.9 14.4 + 1.2 13.7 £+ 2.5 16.3+ 1.5 15.6 + 1.3 15.9+ 1.0
Arc
No insect. 6.5+ 2.3 10.1 + 1.9 S.7+ 1.4 12.6 + 2.3 B.7+ 2.0 7.9+ 0.8
Insecticide 8.2+ 2.3 14.4 + 2.9 9.2+ 1.4 12.3 + 2.8 10.3 + 0.8 15.1 + 2.8
0KOos
No insect. 4.8+ 4.3 4.8+ 1.5 2.0+ 0.7 6S8.1+ 1.2 2.3+ 0.7 4.8+ 2.1
Insecticide 2.8+ 1.9 7.5+ 1.4 3.9+ 1.0 8.2+ 1.2 5.4 + 2.1 4.4 + 2.7

28 April 1987 14 July 1987
LSD for cultivar= 6.4 4.8

LSD for harvest management= 1. 3.7
LSD for pesticide= 1. 0.9

=

2% of stems/0.1 m2
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TABLE XVIII

FINAL ALFALFA PLANT POPULATIONS (% + SE> AFTER IMPOSITION
OF HARVEST AND PESTICIDE TRERTMENTS IN THREE CULTIVARS,
CHICKASHA, OKLAHOMA, SEPTEMBER 19872

Fall cut Hinter grazed Unharvested
Cultivar No herb. Herbicides No herb. Herbicides No herb. Herbicides
HL318
No insect. 22.3+ 6.8 47.3 + 5.6 30.0+ 4.1 45.3 + 5.5 23.0 + 6.5 36.8 + 9.9
Insecticide 45.0 + 4.6 41.8+ 4.8 40.5 + 5.2 56.8 + 5.3 28.3 + 5.5 S50.0+ 3.9
Arc
No insect. 26.8 + 10.2 25.8+ 3.9 20.5* 7.6 50.5 + 12.3 22.0 + 4.9 32.8 + 10.1
Insecticide 29.0 + 14.0 B61.0+ 9.6 36.5 + 7.3 38.8 + 8.9 29.0 + 8.9 50.3 + 15.0
OKOos
No insect. 5.5+ 3.3 18.3 + 8.7 5.3+ 2.6 16.5 + 3.6 6.3+ 2.7 19.5+ 4.1
Insecticide 10.5 + 4.5 24.8 + 8.7 9.3+ 1.0 25.3 + 3.5 20.8 + 12.5 20.3 + 9.7
Mo./ 0.1 m?2
LSD for cultivar= .
LSD for harvest management= 17.0
LSD for pesticide= 4.1

a8 Number of alfalfa plants per 1 m2
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Chapter IV

LATE FALL HARVEST, WINTER GRAZING AND
WEED MANAGEMENT FOR REDUCTION OF

ALFALFA WEEVIL POPULATIONS

Adult alfalfa weevils, Hypexa postica (Gyllenhal), leave
summer estivation sites and enter alfalfa fields in October
and November in Oklahoma to seek overwintering habitats in
fall growth. Areas with abundant plant growth are preferred
for overwintering and oviposition by the alfalfa weevil
(VanDenburgh et al. 1966, Dively 1970, Dowdy et al. 1986).

An abundance of foliage for oviposition in fall may result in
greater larval numbers in early spring in regions where
viability of eggs remains high throughout winter (Burbutis et
al. 1967). Methods for removing this growth and reducing
subsequent egg and larval populations are desirable.

Winter grazing of alfalfa by cattle has reduced egqg
populations by over 60% and also resulted in significantly
lower larval populations (Senst & Berberet 1980). However,
it has been suggested that grazing by cattle may also reduce
stand longevity due to trampling of crowns resulting in plant
injury. Late fall harvesting of alfalfa may result in
reductions in alfalfa weevil populations similar to those

obtained with grazing, but without the potential for damage
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to plant crowns.

Removal of fall growth with either harvesting or winter
grazing opens the crop canopy to allow more light at the soil
surface for growth of cool season annqal veeds. This may
improve the competitive ability of species such as henbit
(Lamium amplexicaule L.), mustards (Brassica spp.), and cheat
(Bromus secalinus L.). Though alfalfa is dormant during
seedling growth of these weeds, it becomes much nmore
competitive after breaking dormancy in late winter. The
stand density of alfalfa which effectively limits weed
encroachment is not well defined. As stands thin over a
period of yeats, weeds compete more effectively for space and
soll moisture and contribute to additional reductions in
forage quality (Morrison 1956) and stand density (Berberet et
al. 1987, Woodall 1987).

Some weeds, such as henbit, are suitable for oviposition
by the alfalfa weevil (Ben Saad & Bishop 1969, Waldrep et al.
1969), which may increase the potential for larval feeding
damage. However, Wolfson & Yeargan (1983), Norris et al.
(1984), and Lamp et al. (1985) showed that alfalfa weevil
larval populations were actually higher in weed-free areas.
This indicates that larvae hatching from eggs laid in weeds
were perhaps not highly successful in finding suitable
feeding locations in alfalfa terminals or that weevil adults
tended to avolid weedy stands as sites for oviposition.
Berberet et al. (1987) were not able to consistently document

increases in alfalfa weevil larval population densities where
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weeds were controlled versus plots that were heavily infested
(predominantly with grasses) suggesting that a weed-specific
relationships (broadleaf versus grass) may be present.

The objectives of this chapter were to determine the
influence of late fall harvesting and winter grazing in
combination with weed control using herblicides on egg
deposition and the seasonal occurrence of peak larval

populations of the alfalfa weevil.
Materials & Methods

This study was conducted at the South Central Research
Station at Chickasha, Oklahoma, on an irrigated alfalfa stand
established in the fall of 1981. The experimental design was
a split plot in strips configuration with four replications
of the alfalfa cultivars 'Arc' (Devine et al. 1975), 'OKO08'
(Oklahoma common), and 'WL318' (Beard & Kawaguchi 1978) on
main plots. Subplots positioned in strips across the main
plots were harvest managément options consisting of late fall
harvest (November) and winter grazing (December and early
January) at a stocking rate of 12-15 cattle/ha for a 2-3 wk
period. The third subplot was left uncut and ungrazed during
fall and winter to determine the potential for eqgg and larval
populations where fall growth remained. The final harvest of
the season on these plots was taken in mid-September after
which plants produced 20-25 cm of fall growth.

Carbofuran insecticide and the herbicides terbacil and

oryzalin were applied annually in a 2 x 2 factorial design on
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sub-subplots within each cultivar by harvest management
combination. The resulting treatment combinations included
1) insecticide only to control weevils but allow weed
infestation, 2) the herbicides only to control weeds but
allow alfalfa weevil infestation, 3) both insecticide and
herbicides to create a "pest-free" treatment, and 4)
unsprayed plots to allow infestation of both weevils and
wveeds. Naturally occurring insect and weed populations were
utilized until the summer of 1985 when seed of B. secalinus
was broadcast @ 15 kg/ha to increase the potential for weed
competition during winter and spring of 1986 and 1987.
Harvest and pesticide treatments were first imposed in the
fall of 1982 and spring of 1983, respectively.

Stem density determinations (stems/0.1 m®) were made
prior to first harvest each spring to estimate effects of
harvest management treatments and pest infestations on stand
persistence. Stem densities were also measured at the time
of the late fall cut in 1985 and 1986 (seasons 4 and 5) to
measure differences which had become evident in stem
densities of some treatment combinations and to determine
overwintering habitat available to adult weevils.

Egg populations were sampled during each winter at 1)
pregrazing (December) to determine populations of fall laid
eggs, 2) postgrazing (January) to document the affects of
winter grazing on egg numbers, and 3) at the initiation of
spring growth of alfalfa (February or March) prior to the

greatest period of larval hatch. Four 0.025 m? samples of
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follage were taken from each subplot and eqgs were separated
from the plant material utilizing the blender extraction
method of Pass & VanMeter (1966) and reported here in
numbers/0.1 m2. The lengths (cm) of 25 stems per subplot
were measured after the postgrazing eqgg samples to compare
habitat available for oviposition by overwintering adult
weevils in grazed, harvested, and unharvested treatments.

By the fall of 1986, the effects of varied pest
infestation levels had resulted in a wlide variety of sten
densities and weed infestations that could potentially
influence habitat selection of adult alfalfa weevils. To
determine if the presence or absence of weeds effected the
choice of habitat by adult weevils, the sampling procedure
was modified to allow comparison among sub-subplots that had
been treated with herbicides and those that had not.
Broadleaf and grassy weed populations were recorded during
late fall and mid-winter of 1986-1987 (season 5) so
comparisons of adult weevil habitat preference could be made
among herbicide-treated and untreated sub-subplots as
indicated by egg deposition.

Larval populations were sampled based upon Celsius day
degree (CDD) accumulations utilizing a developmental
threshold of 10°C (Hsieh et al. 1974). The historical peak
larval population occurs at about 280 CDD from 1 January for
the Chickasha area (Berberet unpublished data). Samples were
obtained at approximately 220, 280, and 340 CDD in an effort

to obtain the best estimates of peak larval populations and
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detect any differences due to management practices. A 25-
stem sample was taken from each sub-subplot and larvae were
extracted using Berlese funnels. From these samples, the
numbers of larvae per stem were calculated. The numbers of
larvae/0.1 m* were determined by multiplying the numbers

- per stem by the stem density/0.1 m=.

Weed infestation may be a factor influencing larval
numbers and survival, therefore, visual estimates of the
percentage of weeds in the forage were made at first harvest.
Accuracy of estimates was checked periodically by comparison
of results with clipping 0.5 m* quadrats followed by plant
separations and weighing of weed and alfalfa components.

All data were subjected to the analysis of variance
procedure and F-tests were utlilized to detect significant
interactions among treatment components (SAS 1985). Mean
separations were accomplished with least significant
difference tests at the 0.05 level of probability (Steel &
Torrie 1980). All data are presented by subplot or sub-
subplot to facilitate communication of the effects of
treatment levels over years. Therefore, calculated F values
obtained throdgh analyses of the data in a split-plot in
strips configuration are not necessarily descriptive of the
means presented. All F values and associated degrees of

freedom are presented in Appendix B.
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Results

1982-83 (Season_1)

All harvest manaéement subplots were harvested on 20
September 1982. Late fall harvests were made on 16 November
to remove fall growth and minimize overwintering habltat for
adult weevils. Winter grazing began 15 December and
continued until 24 December.

Numbers of eggs deposited by weevil adults in fall of
1982 were lower than at any other time during the study.
Pregrazing counts of alfalfa weevil eggs were considerably
lower in Arc than the other cultivars when sampled prior to
grazing (Table I - 14 December). Signiflcantly fewer eggs
were present in fall harvested compared to unharvested
subplots of WL318.

The first hard freeze that killed fall growth in 1982
occurred 15 November (-7°C) and plant heights of this growth
measured in January in subplots left unharvested through
winter averaged 17-20 cm. This growth had been removed except
for short stubble in the fall harvested and grazed
treatments. New growth from crowns was present in all
subplots through the winter and measured 3.5-4.2 cm in
January in the fall harvested and winter grazed treatments.
After grazing (8 January 1983) there were no significant
differences among cultivars in abundance of alfalfa weevil
eggs/0.1 m2 (Table I). Winter grazing resulted in

significantly lowver egg populations than the unharvested
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treatment only in WL318. Fall harvested subplots also
continued to have fewer eggs/0.1 m® than unharvested alfalfa
in WL318.

Alfalfa weevil egg populations sampled as growth of the
alfalfa plants accelerated in late winter (25 February) were
not significantly different among cultivars (Table I).
Subplots harvested in late fall or grazed in winter had
significantly fewer eggs/0.1 m#® than the unharvested subplots
in all cultivars. Egg populations had increased from t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>